Torsional Failure Of Ni Ti Instruments by Pooja Sharma et al.
Torsional Failure Of Ni -Ti Instruments 
Pooja Sharma,1 Pradeep N. Tavane,2 Kailash M.,3Pankaj Kumar Gupta 4       
Rashmi Nair5 
 
 
Introduction   
The introduction of Nickel Titanium alloy to produce root canal instrument has 
been a major development in endodontics (Walia et al 1988).The major 
disadvantage of this alloy is instrument separation without any indication. 
Removal of a broken fragment may not be feasible and may jeopardize the 
outcome of treatment. 
 
Scientific study for the use of Ni – Ti files has been reported by Pruett et al 1997, 
who classified failures as failure due to torsional fatigue and flexural fatigue.  
Fracture due to torsion occurs when the tip or any other part binds into the canal 
and the hand piece keeps turning (Serene et al 1995), this type of fracture occurs 
due to excessive apical force during instrumentation. 
 
Fracture due to flexure occurs because of metal fatigue.  The instrument does not 
bind in the canal but rotates freely until the fracture occurs at the point of 
maximum flexure  (Sattapan et al. 2000).  
 
Although more files fracture from torsional failure than from flexural fatigue it 
should be noted that most failures occur with small files that were not highly 
resistant to fracture from torsion.  Smaller files are used for apical enlargement 
because binding is likely to occur near the tip. (Sattapan et al. 2000).  
 
The studies done earlier shows that 59-60% of the files showed some sign before 
torsional fatigue occurred. 
Thus, the present study was conducted to evaluate torsional fatigue , utilizing 
smaller files(S1 & F1) for Protaper hand and rotary systems and .06 and .05 for the 
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Abstract      
Aim: To evaluate visible defects which may lead to the torsional failure of nickel titanium 
instruments. 
Methodology:New Rotary instruments(ProTaper Hand (S1 & S2),ProTaper  Rotary (S1 & S2), 
Quantec Lx series(.06 & .05).Were used for biomechanical preparation was done using EDTA 
(Glyde) as a lubricant with the access cavity being filled with sodium hypochlorite 3% at every 
stage.The manufacturing defects were recorded to evaluate only defects that occur during 
instrumentation.  At the end of each instrumentation cycle, visual inspection & microscpic 
evaluation of the instruments was performed and evaluated.  To supplement the visual  
analysis and maintain an archival record of the deformations or defects of the file, 
photographs were taken. 
Results: Statistical analysis (Manwhitney U test), showed that Rotary Ni-Ti Greater taper 
endodontic systems (ProTaper, Quantec LX) when used in ten straight canals showed no 
signs of torsional fatigue. However, Protaper Hand instruments showed some visible and 
microscopic deformation but were not statistically significant.  
Conclusion:  When used properly according to manufacturer’s instructions, and as shown in 
the present study, torsional fatigue may not lead to instrument failure when used in straight 
canals for upto 10 cases. 
KEYWORDS:  Nickel -Titanium Instruments, Torsional Failure, Visible Defects 
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The studies done earlier shows that 59-60% of the files 
showed some sign before torsional fatigue occurred. 
Thus, the present study was conducted to evaluate 
torsional fatigue , utilizing smaller files(S1 & F1) for 
Protaper hand and rotary systems and .06 and .05 for the 
Quantec system which are normally used for apical 
enlargement, since torsional fatigue occurs more 
frequently in smaller instruments (Sattapan et al 2000). 
 
Materials and methods 
 
Visual and microscopic examination (Stereo zoom 
microscope x10 magnification) of the file before usage 
 
 
30 freshly extracted maxillary central incisors were 
collected from the Department of Oral and Maxillofacial 
Surgery, collected and surfaced as per OSHA regulations. 
Divided into three groups. 
 
 
 
Standard access cavity preparations for all the teeth 
 
 
 
Biomechanical preparation was done using EDTA (Glyde) 
as a lubricant with the access cavity being filled with 
sodium hypochlorite 3% at every stage 
 
 
 
10 teeth in each group 
 
 
 
 
Group 1 Group 2 Group 3 
ProTaper hand     ProTaper  Rotary      Quantec Lx series 
 
 
 
Visual and microscopic examination of the file after every 
use 
 
 
The manufacturing defects were recorded to evaluate 
only defects that occur during instrumentation.  At the 
end of each instrumentation cycle, visual inspection of 
the instruments was performed and evaluated.  To 
supplement the visual analysis and maintain an archival 
record of the deformations or defects of the file, 
photographs were taken. 
 
The following scores were given according to the degree 
of deformation- 
 1- Without visual deformation 
 2- Cutting edge dented 
 3- Tip deformation 
 4- Unwinding 
 5- Separation 
 6- Change in length (mm) 
 
After every instrumentation, the files were visually 
inspected for defects by two endodontists, and the 
findings were submitted to statistical analysis using 
Mann Whitney U test to determine if there were 
significant differences between the three groups of 
instruments and if there was any difference between 
visual and microscopic examination. 
 
RESULTS 
 
Pairwise comparisons amongst instruments and between 
instruments and hand protaper technique were 
computed using the Mann–Whitney U test, and were 
corrected for multiple testing .The significance level was 
set at P < 0.05 .Analysis were performed using SPSS WIN 
(release12.0; SPSS, Munich, Germany). 
 
According to statistical analysis, it was seen that Rotary 
Ni-Ti Greater taper endodontic systems (ProTaper, 
Quantec LX) when used in ten straight canals showed no 
signs of torsional fatigue. The differences were not 
statistically significant (P > 0.05). 
 
When the Protaper Hand instruments were analyzed, S1 
file (used to shape middle 3rd of root canals) showed 
some visible and microscopic deformation.  The visible 
defect was a slight curve at the terminal end of the file.  
The other file (F1) when observed showed no visible or 
microscopic (X10) defect.  
However when statistically analysed The differences 
between Greater taper endodontic systems (ProTaper)  
and Protaper hand technique as well as between 
Quantec LX and ProTaper hand instruments were found 
to be not statistically significant( P > 0.05) 
 
 
DISCUSSION 
There are many factors that influence the fracture of 
greater taper Nickel titanium rotary endodontic files.  
The speed of rotation, the irrigant used and lubricant 
used were kept as standards for the 2 greater taper 
rotary groups.  Duration of use of each instrument was 
kept as a standard 3-5 seconds for each instrumentation. 
 
The only variable is the amount of apical pressure, 
applied while using the hand instruments,when 
compared to rotary instruments. 
Analysis of failure of instruments indicated that the 
number of files showing visible plastic deformation (such 
as unwinding, bending or curving) was greater than the 
number of files fractured from both torsional and flexural 
failure.(Sattapan et al 2000). If these files were used 
further, there potential for failure would have greatly 
increased.  
 
To reduce the risk of fractured instruments within root 
canals; all files should be examined after each use. Any 
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files showing defects should be discarded immediately, 
in order to prevent separation of endodontic instruments 
due to torsional fatigue 
Manufacturing defects can cause fracture of a new 
instrument even during the first use. Therefore every 
instrument should be examined before each use, 
because minor defects, both manufacturing errors and 
plastic deformation, may not be detected with the naked 
eye, it is recommended that examination of instruments 
with a magnification of at least x10 be performed. 
(Sattapan et al 2000).  
 
When the Protaper hand instruments (S1 & F1) were 
observed visually and microscopically a deformation was 
detected after five consecutive uses, in relation to the S1 
file in the Protaper hand instrumentation sequence as 
this is used to shape the middle 3rd of the root canal.  
The probable cause of visual defect to appear may have 
been the excessive application of apical pressure. 
 
Ni-Ti greater taper endodontic instruments are supposed 
to be used passively for root canal preparation.  The 
pressure to be applied as stated by manufacturer is 
feather touch. 
Hence when used properly according to manufacturers 
instructions, and as shown in the present study, torsional 
fatigue may not lead to instrument failure when used in 
straight canals for upto 10 cases. 
 
CONCLUSION 
• Ultimately, success in root canal therapy 
depends on effective and efficient 
instrumentation, without separation of the 
instrument provided the right technique is 
followed. For the question of how many times 
nickel-titanium instruments should be used 
before being discarded, there can be no definite 
answer!  
• However, despite this understanding, 
complications do occur due to the canal 
morphology and instrument limitations.  
• The present study was carried out with the sole 
intention to provide the endodontist with a clear 
picture as to how best visually he can determine 
the torsional fatigue/ failure of the greater taper 
Ni-Ti instruments. 
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